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Abstract. The Engineering Augmented Degree Programme (ENGAGE) is a five-year BEng degree comprising mainstream, additional modules and skills-focused modules. The additional modules run concurrently with the mainstream modules and focus on background knowledge, conceptual understanding and problem-solving skills. In the Additional Physics module we include an engineering project called, “Skyscraper”, developed in the USA as part of the CDIO (Conceive-Design-Implement-Operate) approach to engineering education. After students study centre of mass in Physics, they work in groups to build a “Skyscraper” out of extruded polystyrene and pencils. They must build it on time, within budget and according to given criteria, thus getting a feel for the engineering process as well seeing an application of physics concepts. In this paper we will describe the activity and provide results from students’ reflection papers.
1. Introduction

The Engineering Augmented Degree Programme (ENGAGE) is a successful extended degree programme designed to help students cope with the transition from high school-based teaching to independent university study. The aim is to provide support to students and help them cope with the demands of an Engineering degree by splitting the first year of a traditional four-year BEng degree over two years and supplementing the courses with additional modules. The mainstream modules that are part of the four-year degree run concurrently with associated additional modules that increase background knowledge, address misconceptions that students have brought from high school as well as aiding understanding of new concepts that students find troublesome in mainstream courses, and introduce problem solving strategies and logical thinking necessary to succeed in the associated mainstream course. 

A student in the Additional Physics module attends one compulsory lecture and three compulsory discussion classes per week. The lecture introduces concepts and theory to the students and the discussion classes provide valuable facilitated opportunities for the students to practise the theory. In the discussion classes students work on typical problems that test the students’ understanding.  Students are allowed to discuss the problems with peers and ask tutors and the lecturer for assistance in solving the problems. Students are encouraged to make mistakes and learn from these mistakes in this environment where help is readily available so as to prevent further misconceptions developing and to rectify pre-existing misconceptions as early as possible, thereby preventing them from becoming a long-term hindrance. 


One area where students struggle on a conceptual level is the principle of centre of mass and understanding its application in general engineering-related problems. To help students gain insight into this principle the Additional Physics course includes a project called “Skyscraper”, which was developed in the USA as part of the CDIO initiative (http://www.cdio.org/). CDIO is an approach to engineering education, initially developed at MIT in the USA and in Sweden, in order to help engineering students gain insight into what is expected of them as engineers and provide a comprehensive problem solving strategy for multifaceted projects that they will work with after leaving university. The acronym stands for Conceive-Design-Implement-Operate and highlights the general approach to how students should tackle problems in an engineering environment. During the conceive stage one should focus only on identifying criteria for the project, potential problems that could be encountered and then developing conceptual, technical and business plans to meet those needs with the materials and technology available. At this stage no drawings or final designs should be established. During the design phase one should compile all results of the conceive stage and decide on one or more ideas that satisfy all the criteria of the project, as well as developing documentation showing that they meets the criteria. During the implementation phase the final design is constructed.  The artefact is tested during the operation phase.


The Skyscraper project is fairly simple to implement, but includes many facets that apply to traditional engineering problems. It allows first year students without a lot of background in engineering to understand the importance of Physics in all engineering disciplines as well as expose them to what is expected of them as engineers in the future.
2. Description

2.1 The Project

In the Additional Physics module the Skyscraper project is completed in a normal university week during the periods allocated for the discussion classes. Students are randomly assigned to groups of 5 to 7 members in their discussion classes and are required to design and make a building as tall as possible, on time and meeting the following criteria:

· Only university supplied extruded polystyrene and pencils may be used during construction;

· The building must be within budget of $1000;

· The building must hold a 0.5 l water bottle on top;

· The building must survive a 10% shift in real estate (i.e. a 1:10 slope) in an arbitrary direction.


The building should also be aesthetically pleasing. The project is broken into three sessions to fit into the discussion classes of one week (see Appendix). At the end of each session each group is expected to submit documentation according to the CDIO process. During the first session the students are expected to finish the Conceive section of the project. By the end of this session the students must submit a short informal report listing customer needs and potential problems as well as suitable solutions. For example one of the customer needs is that the building must survive a 10% shift in real estate. A conceptual solution to solve this is to design a building with a lower centre of mass and a broad base. A technical solution is thus to use a large amount of polystyrene at the bottom of the building. The business plan should then reflect that a large portion of the budget should be spent on construction of the base and a fairly large piece of land (real estate) must be purchased.


During the second session students should be finished with the design phase of the project. This includes submitting a detailed drawing of their final design, a structural analysis involving a centre of mass calculation to prove that the design is viable, detailed manufacturing instructions, a construction plan and a budget showing exact costs of materials used in the design. The budget and manufacturing instructions also serve as an ordering form for materials that they will use in the implementation session. Students must pay for land (consisting of a piece of chipboard), each piece of extruded polystyrene of standard size, each cut made to a sheet of polystyrene to create special sizes required by individual designs, and each pencil.  Each group is given $1000 in paper “money” to pay for their building materials.


During the third session the students are expected to complete the Implementation and Operation phases. They assemble their skyscraper out of the ordered polystyrene and pencils and then bring their final product to be assessed. During assessment a 0.5 l water bottle is placed on top of the skyscraper. The skyscraper is then measured from the base of the building to the top of the water bottle. The wooden board underneath the skyscraper is angled to produce a 1:10 slope to check that the building survives a 10% shift in real estate. 


Although the groups are randomly assigned in order to simulate reality the students themselves decide on roles for each member. Each group must have an overall project engineer (team leader) responsible for group decisions and cohesion, a design leader responsible for smooth operation and delegation of tasks during the design phase and an implementation leader with similar responsibilities to the design leader in the implementation phase.

2.2 Feedback

At the end of the project students are required to complete a group member assessment and a reflection questionnaire. The completion of the latter counts 25% of the final mark. The group member assessment involved individual students marking fellow group members on a scale of 1 to 5 for their contributions to the group’s success or failure. These results were not analysed beyond preliminary inspection since it seems that most students saw this as an opportunity to improve their marks for the project. Thus the majority of students struck bargains with other group members to award each other the maximum number of marks possible irrespective of actual contributions and, in the process, negating any useful information. Thus only the results of the reflection questionnaire were considered as informative. 


The reflection questionnaire consisted of five questions. The first two required yes/no answers, whereas for the last three questions the students were asked to describe the influence of various aspects of the project. These answers were then classified according to four categories: Conceptual, Technical, Logistical or Interpersonal.


Students were also marked on the quality of their project on a scale of 1 to 5 for each of the following categories:

1. Project documentation

Team outline, interpretation of requirements, R&D analysis, Drawings and sketches, budget and materials, construction schedule

2. Construction quality

Stability, aesthetic appeal, creativity/innovation, project completed according to documentation, time management, building sustained added weight, building survived 10% shift in real estate, height of completed building.
3. Results

Students’ responses to the first two questions on the reflection questionnaire are summarised in figures 1 and 2.  They indicate that they found the project highly successful, both in terms of relevance to engineering and of providing an opportunity to practice coursework. In particular, students found the project to be enlightening in showing them practical applications of the centre of mass concept and problem solving strategies.
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	Figure 1. Pie chart of student responses to,  “Do you feel the Skyscraper project helped you gain greater understanding of the skills required to be an engineer?” (q1)
	
	Figure 2. Pie chart of student responses to, “Did the skyscraper project give you an opportunity to apply knowledge that you had learned in your course to a practical situation?” (q2)



The answers to questions 3 and 4, shown in figures 3 and 4, were classified as Conceptual if the answer related to theoretical ideas of physics or the project in general, for example, “To design a tall building, but trying to keep the centre of mass as low as possible” (q3). Technical answers were related to calculations, estimations, accuracy and precision or problem solving in nature, for example, “working everything out to the finest detail and seeing it implemented” (q4). Logistical answers were any answers that were administrative, operative or budget-related in nature, such as, “Being restricted, mainly by the budget and having little time to do the whole project,” (q3). Answers that were related to communication or relationships between group members, as well as between different groups, were considered to be Interpersonal, such as, “The ability to work with different individuals that we never socialised with before.” (q4).
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	Figure 3. Pie chart of student responses to, “What did you find most difficult about the Skyscraper Project?” (q3)
	
	Figure 4. Pie chart of student responses to, “What did you find most interesting about the Skyscraper project?” (q4)



The aspect most students found the most difficult was overcoming technical aspects to the problem. This was mostly related to calculation of the centre of mass of the skyscraper and the structural analysis. While most students understood the concepts involved, the complexity of many building designs lead to errors and frustration. This was overcome by showing students how to simplify complex designs through use of lines of symmetry and relating the problem to similar (although slightly simpler) problems covered during the course. Once students were able to link the problem to previously solved problems the struggles diminished. The aspect that the smallest number of students found challenging was the interpersonal. This is desirable since we would like students to focus on the problem and applying the logic of physics to solving the problem rather than spend inordinate amounts of time dealing with communication and relationship issues.


The conceptual aspect of the problem was ranked by the largest number of students as the most interesting part of the project, which is again in line with desired objectives. Students were thus able to see a link between the theory introduced during the course and practical applications to reality without being overwhelmed by other aspects. This also suggests that students found the project new and interesting. As expected, the more mundane tasks of calculations, budgeting, etc. were considered less interesting. 
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	Figure 5. Pie chart depicting summarised student responses to, “What new skills did you learn during the project that you feel will benefit you as an engineer?” (q5)





In response to question 5, most students indicated that the new skills they learnt related to the interpersonal aspects of the project (figure 5). Common responses included learning patience, communication and management skills. Although this was not the main objective, it is encouraging that the project was capable of improving skills beyond simply physics related areas. It should also be noted that a combined total of 38% of students directly noted an improvement in physics related areas which is comparable to the 43% of students that claim to have gained interpersonal skills. This shows while most students believe that the project allows a chance to practice conceptual and technical skills they already have mastered, it is still beneficial to a large portion of students that have yet to master these skills. This is additionally justified by responses to question 2. Looking at these results in the light of answers to Question 1 also suggests that students entering engineering believed that engineers work in isolation from others; the project exposed students to the fact that most engineering activities involve collaborative effort and that learning to work in a team is important.

4. Conclusion
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The “Skyscraper” project is a popular practical application of physics concepts that allows students the opportunity to develop new skills beyond those required in the coursework.  The project allows students to see the usefulness of physics concepts and also provides exposure to the engineering world in that students have to complete a task according to certain design specifications and do it on time, within budget, and by working with others in a team. The CDIO framework guides students in problem solving for multifaceted projects. 


The results shows that students like the conceptual aspect of the project and the application of theory to solving problems but struggle with technical aspects when they are not immediately similar to those previously seen.  The results also show that students learnt interpersonal skills, which are vital for engineers.


The project is well thought out and beneficial to students as an example of typical engineering projects while maintaining the desired simplicity for a first year extended programme student. 

Appendix: Student handout
Starting from the week of the 21st of May, we will be embarking on a project to build skyscrapers to demonstrate CDIO principles.  This documentation gives information to students about the project as well as the assessment criteria that they will be marked on.

Students have been grouped into groups of 5 to 7 members. Each group must choose three team leaders:

· Overall Project Engineer

· Design Leader

· Implementation Leader

Additional roles that need to be filled by other group members are Quality Assurer, Time Keeper, Record Keeper and Financial Manager. More than one student may fulfil each of these roles.

The project will be marked out of a 100. Seventy five (75) marks will be assigned to the group based on their documentation and their skyscraper, 20 marks will be assigned to each group member by other group members, and 5 marks will be assigned for the completion of a reflection questionnaire.
Below is a schedule to help student to know what needs to be handed in at what stage of the project:

1. By the end of the first session, each group should have submitted the Conceive section of their documentation. This involves defining customer needs, and then developing conceptual, technical and business plans to meet those needs, while considering the technology and materials at your disposal, as well as regulations that apply.


(NO DESIGNS MAY BE DRAWN UP IN THIS SESSION)


2. By the end of the second session, each group should have submitted all the Design documents. This includes:

(i) Detailed drawing and sketches

(ii) A structural analysis

(iii) Detailed manufacturing instructions

(iv) A construction plan

(v) A budget


Students must obtain a building permit by the end of this session in order to proceed with construction in session three. All the above documentation is required to obtain such a building permit.


3. By the end of session three the building must have been constructed and tested.

